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ABSTRACT 

 

 

 

Induction of oligodendrogenesis 

with OCT4 to alleviate dysmyelination 

in a transgenic mouse model of 

Huntington's disease 

 

 

 

MinGi Kim 

 

 

 

Department of Medical Science 

The Graduate School, Yonsei University  

 

 

 

(Directed by Professor Sung-Rae Cho) 

 

 

 

Huntington’s disease (HD) is an incurable neurodegenerative disease 

which is caused by a genetic mutation. Recent studies have elucidated that 

white matter atrophy is an early symptom of HD. Therefore, this study 

used in vivo overexpression of OCT4, a reprogramming factor, as a 

treatment for dysmyelination in HD. Adeno-associated virus serotype 9 

(AAV9) was used as a vector for the overexpression of OCT4. Each group 

of R6/2 mice was injected with PBS, AAV9-Null, or AAV9-OCT4 on both 
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sides of the lateral ventricles. According to the results of the behavioral 

tests such as rotarod and grip strength tests, AAV9-OCT4 groups display 

significant improvement compared to control groups—PBS and AAV9-

Null. Levels of RNA expression were significantly increased in PDGFRa, 

WNT3, MYFR and GDNF. In addition, both Nestin+BrdU+ and 

NG2+BrdU+ cells were increased in the AAV9-OCT4 group compared to 

the control groups in the subventricular zone. Moreover, the level of MBP 

protein is significantly increased in AAV9-OCT4 in the frontal cortex. 

Cumulatively, these results suggest that oligodendrogenesis was induced 

by in vivo overexpression of a reprogramming factor OCT4 in the 

subventricular zone, so dysmyelination was alleviated. Furthermore, a 

growth factor such as GDNF secretion from oligodendrocyte improves the 

environment in the brain in HD; therefore, behavioral improvement 

occurred in the R6/2 mouse. Thus, this study proposes OCT4 as a 

candidate of a therapeutic factor for neurodegenerative diseases including 

HD. 

 

 

---------------------------------------------------------------------------------------- 

Key words: Huntington’s disease, Neurodegenerative disease, 

Reprogramming factor, OCT4, Subventricular zone, Oligodendrogenesis, 

Oligodendrocyte, Dysmyelination  
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I. INTRODUCTION 

Huntington’s disease (HD) is an incurable neurodegenerative disease. Previous 

studies have reported that the loss of GABAergic neurons is a critical cause of 

striatal atrophy that drives cognitive and motor impairments in HD.1,2 For this 

reason, striatal atrophy has been widely studied.2,3 

HD should not be simply considered as a striatal disease though the striatal 

neurons are specially affected since there are many evidences of the degeneration 

throughout the overall regions of the brain until the later stages of disease.4 

Recent studies have strived to elucidate the effects of white matter atrophy in HD 

since white matter is affected before the striatal atrophy occurrs.5-7 Moreover, 

structural MRI or pathological examinations have been used for diagnosing the 

pathogenesis in HD brains, and defects of oligodendrocytes and white matter 

have been detected via these methods in the brains.5,7-14 The volume of white 
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matter is noticeably reduced long before the motor onset in HD13,15-19 and atrophy 

continues into the manifest period.13,20,21 The white matter atrophy also has been 

shown in longitudinal studies in 1–2-year periods in premanifest HD22,23 and early 

manifest HD.24,25 The TRACK-HD group using Statistical Parametric Mapping 

methodology 25 found that the most important changes in white matter occurred 

around the striatum and within the corpus callosum and posterior white matter 

tracts.26 Aylward et al., elucidated that there is the dramatic volume changes in 

the frontal lobe using lobular regions of white matter.5,27 Even though the precise 

nature of these abnormalities has not been proven, postmortem and neuroimaging 

data, such as MIR, support the hypothesis that myelin breakdown leads to white 

matter atrophy in HD.28 

To alleviate the dysmyelination in white matter, this study overexpressed the 

reprograming factor to induce the adult oligodendrogenesis in HD. The four 

factors—octamer-binding protein, (OCT4), SRY-box containing gene 2 (SOX2), 

c-myelocytomatosis oncogene (c-Myc), and Kruppel-like factor 4 (Klf4)—are 

widely known as the reprograming factors, and these four factors have been used 

for the therapeutic factors in brain related diseases.29,30 Among these four factors, 

characteristics of OCT4 that induce self-renewal and pluripotency in cells can be 

more efficient than others. The study by Kim et al. in 2009 reported that OCT4 

induced pluripotency in adult neural stem cells.31 According to the 

aforementioned studies, OCT4 could be an essential factor for adult 

oligodendrogenesis. Another study reported that OCT4-induced oligodendrocyte 
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progenitor cells enhanced functional recovery in spinal cord injury model.32 To 

recovery of myelination could be the direct recovery of axonal impairment caused 

by demyelination. 

Thus, a strategy of this study is the inducing of oligodendrogenesis in the 

subventricular zone and increase the number of oligodendrocyte with myelin with 

OCT4. Therefore, the study used a single factor of OCT4 as a candidate of the 

therapeutic factor for demyelinating the condition in various neurodegenerative 

diseases including HD.  
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II. MATERIALS AND METHODS 

All animals were housed in a facility accredited by the Association for 

Assessment and Accreditation of Laboratory Animal Care and provided food and 

water ad libitum with alternating 12-hour light/dark cycles in according with 

animal protection regulations. The experimental procedures were approved by 

the Institutional Animal Care and Use Committee (IACUC 2016-0298). 

1. Mouse model 

One of the well-known transgenic mouse models for HD is B6CBA-

Tg(HDexon1)62Gpb/1J, which is also known as B6CBA-R6/2 (CAG 160 +/- 5) 

(R6/2). These transgenic mice mimic human HD with many neurological 

phenotypes, including choreiform-like movements, involuntary stereotypic 

movements, tremor, and epileptic seizures, as well as non-movement disorder 

components, including unusual vocalization. The R6/2 mice often urinate, and 

the loss of body weight is the one of the significant characteristics. Their muscle 

bulk occur through the course of the disease. This line is transgenic for the 5' end 

of the human HD gene carrying approximately 160 +/- 5 repeat expansions. The 

symptoms of this mouse onset between 6 and 8 weeks of age. 

2. Viral vector 

Adeno-associated virus serotype 9 (AAV9) was used to overexpress human 

octamer-binding transcription factor 4 (OCT4) in vivo. Productions of AAV9 

were purchased from ViroVek (Hayward, CA, USA). AAV9 with human OCT4 

was expressed by cytomegalovirus (CMV) promotor, AAV9-CMV-OCT4. The 
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original titer of the virus was 2.13E+13vg/ml, and the titer was measured via 

quantitative real-time reverse transcription polymerase chain reaction (qRT-

PCR).   
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Figure 1. Information about the viral vector for the experiment (A) The 

structure of the viral vector for overexpressing OCT4 in vivo was referenced from 

Snap Gene. (B) The quality of AAV9-OCT4 was measured via RT-PCR and lane 

7 is the representative band for the product of AAV9-OCT4. 

*adeno-associated virus serotype 9, AAV9; octamer-binding transcription factor 4, OCT4; 

reverse transcription polymerase chain reaction, RT-PCR; viral genome, VG  

(A)

(B)



 9 

3. Lateral ventricular injection of adeno-associated virus 

At 4 weeks of age, the mice were anesthetized with ketamine (100mg/kg; Huons, 

Gyeonggi-do, Korea) and xylazine (10mg/kg; Bayer Korea, Seoul, Korea) by 

intraperitoneal (IP) injection and were randomly assigned to either PBS, AAV9-

Null control groups or the AAV9-OCT4 treatment. Using stereotaxic, as seen in 

Figure 1B, the mice received a lateral ventricular injection of AAV9 vector 

(1.0E+12 VG/ml, 1 𝜇l per side and 0.01 𝜇l/s infusion rate) using stereotaxic 

coordinates (AP +0.3mm from bregma; ML ±0.7mm from bregma; DV −2.0mm 

from dura) (Figure 1C). The mice recovered in a heating chamber at 37℃ after 

the surgical treatment. After an hour when the mice recovered, they mice were 

returned to standard cages. 
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Figure 2. Study design and stereotaxic injection for the experiment (A) The 

schedule of behavioral tests and BrdU injection are presented in the timeline. (B) 

A picture showed the stereotaxic injection for the operation on the R6/2 mouse. 

(C) Titer and volume of the viral vector and stereotaxic coordination for lateral 

ventricular injection are presented. 

(5-bromo-2'-deoxyuridine, BrdU; adeno associated virus serotype 9, AAV9; viral 

genomes, VG; lateral ventricle, LV; Anteroposterior, AP; Mediolateral, ML; 

Dorsoventral, DV) 

  

(A)

(B) (C)
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4. Genotyping 

Since the offspring of R6/2 mice could be either wild type or transgenic mice, 

pups had their genotype via genotyping PCR with their genomic DNAs. 

A. Genomic DNA extraction 

To extract the genomic DNA (gDNA) from the mouse, a piece of tissue from 

each mouse was obtained in the end of the tails about 2 mm long. The standard 

procedure was followed the protocol provided by the prepGEM Tissue Kit 

(ZyGEM, Hamilton, New Zealand). First, the pieces of the tissues were incubated 

in 1 𝜇l of prepGEM, 10 𝜇l of Buffer Gold (ZyGEM, Hamilton, New Zealand), 

and 89 𝜇l of autoclaved distilled water at 75℃ for 15 minutes and then 95℃ for 

5 minutes. 

B. Genotyping PCR 

Following the protocol provided by the Jackson Laboratory, standard PCR was 

performed for the genotyping through the following 10 steps using internal 

positive control and transgene primers (Table1): Step 1: 94℃ for 2 minutes; Step 

2: 94℃ for 20 seconds; Step 3: 65℃ for 15 seconds; Step 4. 68℃ for 15 

seconds and a 0.5℃ decrease per cycle; Step 5: 68℃ for 10 seconds, and repeat 

steps 2-4 for 10 cycles; Step 6: 94℃ for 15 seconds; Step 7: 60℃ for 15 seconds; 

Step 8: 72℃ for 10 seconds, and repeat steps 6-8 for 28 cycles; Step 9: 72℃ for 

2 minutes, and Step 10: 10℃ holding. 

Electrophoresis was performed by loading 10 ml of each PCR product on a 2% 
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agarose gel (Medicago, Quebec, Canada), and primers on Table 1 were used for 

the polymerase chain reaction (PCR). The internal positive control was 324 base 

pair (bp) and transgenic band was 170 bp. 
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Table 1. The sequence of primers used for the genotyping PCR 

 (base pair, bp) 

Primer type Forward (5’→3’) Reverse (5’→3’) Size (bp) 

Internal Positive Control CTAGGCCACAGAATTGAAAGATCT GTAGGTGGAAATTCTAGCATCATCC 324 

Transgene TGGAAGGACTTGAGGGACTC CCGCTCAGGTTCTGCTTTTA 170 
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Figure 3. Genotyping and original characteristics of the R6/2 mouse model 

(A) The result of genotyping that showed internal positive control on 324 bp, and 

transgene on 170 bp. (B) An image of R6/2 model mice from Jackson Laboratory. 

(C) Different characteristics between wild type normal mice and R6/2 are shown 

in body weight. 

(* p < 0.5; marker, M; transgene, TG; wild type, WT; negative control, NC; base 

pair, bp) 
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5. Behavioral testsRotarod test 

A rotarod test was used to assess motor coordination and locomotor function. All 

animals received a pretreatment performance evaluation at 4, 6, 8, 10, and 13 

weeks of age. For this assessment, mice were placed on a rotarod treadmill 

(catalog number 47600, Ugo Basile, Comerio, Italy), and the latency to fall, 

which is the length of time the animals remained on the rolling rod, was measured. 

Rotarod tests were then performed at an average of 2-week intervals until 13 

weeks after the treatment. Using an accelerating speed (4-40 rpm) and constant 

speed (16 rpm), the latency period when the mice fell from the rod was measured 

twice for each test, and an individual test was terminated at a maximum latency 

of 300 seconds. To avoid and reduce any stress related to the test as much as 

possible, the test was conducted softly.33 

B. Grip strength test 

A grip strength test was performed using the SDI Grip Strength System (San 

Diego Instruments Inc., San Diego, CA, USA), which includes a push–pull strain 

gauge. A 2-mm-diameter triangular piece of metal wire was used as the grip bar. 

Each animal was held near the base of its tail by a researcher and allowed to 

approach the bar until it was able to grip it with its forepaw. Peak force was 

automatically recorded in gram-force by the apparatus. The average of peak 

forces from the three trials was used for final data analysis. The data of the grip 

strength test were normalized to body weight and expressed as [KGF/kg].34  
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Figure 4. Rotarod and grip strength tests in WT and R6/2 (A) Three R6/2 

mice are on the rotarod to evaluate the latency at a certain speed. (B) The R6/2 

mouse showed a motor defect at 4-40 RPM compared to WT. (C) The R6/2 

mouse showed a motor defect at 16 RPM compared to WT. (D) A grip strength 

test was performed for both forelimbs to evaluate the grip strength of forepaws. 

(E) The R6/2 mouse showed a motor defect at the terminal stage of week 12 

compared to the pre-pathogenic phase of week 4 in the grip strength. 

(* p < 0.5; wild type, WT)  

0

20

40

60

80

100

120

Week 4 Week 12

G
ri

p 
Po

w
er

 (g
m

X 
fo

rc
e)

Both Forelimbs

(A) (B)

(D)

(C)

(E)

0

50

100

150

200

250

300

350

4 5 6 7 8 9 10 11 12 13

L
a

te
n

c
y
 (

s
e

c
o

n
d

s
)

weeks

4-40 RPM

WT

R6/ 2

0

50

100

150

200

250

300

350

4 5 6 7 8 9 10 11 12 13

L
a

te
n

c
y
 (

s
e

c
o

n
d

s
)

weeks

16 RPM

WT

R6/2

* * * * * * *

* * * * * * *

*



 17 

6. RNA Preparation 

Total RNA was extracted from both the frontal cortex and the striatum using 

Trizol (Invitrogen Life Technologies, Carlsbad, CA, USA). After 

deoxyribonuclease (DNase) digestion and clean-up procedures, the RNA samples 

were quantified, aliquoted, and stored at -80℃ until further use. The RNA purity 

was evaluated by the A260:A280 ratio and analyzed with an Agilent 2100 

Bioanalyzer (Agilent Technologies, Palo Alto, CA, USA). 

7. Quantitative real-time reverse transcription polymerase chain reaction 

(qRT-PCR) 

One microgram of purified total RNA was used as a template to generate the 

cDNA using a ReverTra Ace qPCR TR master mix with gDNA remover 

(TOYOBO). The standard protocol for the qRT-PCR with SYBR Green was 

provided from Roche Applied Science. A total volume of 20 μl master mix with 

2 μl of cDNA was used in the following reaction. The qRT-PCR was performed 

in triplicate on a LightCycler 480 (Roche Applied Science, Mannheim, Germany) 

using the LightCycler 480 SYBR Green master mix (Roche Applied Science). 

The thermocycler conditions were as follows: amplifications were performed 

starting with a 300-second template preincubation step at 95°C, followed by 40 

cycles of 95°C for 5 seconds, 60°C for 2 seconds, and 95°C for 15 seconds. The 

melting curve analysis began at 95°C for 15 seconds, followed by 1 minute at 

60°C. The specificity of the amplification product was confirmed by an 

examination of the melting curve, which showed a distinct single sharp peak with 
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the expected melting temperature (Tm) for all samples. A distinct single peak 

indicated that a single DNA sequence was amplified during qRT-PCR. 

Glyceraldehyde 3-phosphate dehydrogenase was used as an internal control. The 

expression of each gene of interest was obtained using the 2−ΔΔCt method.  
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Table 2. The sequence of primers used for the qRT- PCR 

 (base pair, bp)

Target Gene Species Forward (5’→3’) Reverse (5’→3’) Size 

(bp) 

PDGFRa mouse GGAGACTCAAGTAACCTTGCAC TCAGTTCTGACGTTGCTTTCAA 179 

WNT3 mouse TAAAGTGTAAATGCCACGGGTT CGGAGGCACTGTCGTACTTG 117 

MYRF mouse TCTGGGCCTCCCATCAAAG CGGGGTTATGGTGCGTAGAAG 167 

GNDF mouse GCCGGACGGGACTCTAAGAT CGTCATCAAACTGGTCAGGATAA 208 

GAPDH mouse CATCACTGCCACCCAGAAGACTG ATGCCAGTGAGCTTCCCGTTCAG 180 
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8. Immunohistochemistry 

Animals were euthanized and perfused with 4% paraformaldehyde. Harvested 

brain tissues were cryosectioned at a slice thickness of 16 mm along the sagittal 

plane, and immunohistochemistry staining was performed on 4 sections over a 

range of over 128 mm. The tissue sections were stained with one or two following 

primary antibodies: 5-bromo-2'-deoxyuridine (BrdU, 1:200; Abcam, Cambridge, 

UK), neuron-specific class III beta-tubulin (Tuj-1, 1:400; Covance, Princeton, NJ, 

USA), glial fibrillary acidic protein (GFAP, 1:400; Abcam), Nestin (1:400; 

Abcam), neural/glial antigen 2 (NG2, 1:200, Abcam), myelin basic protein (MBP, 

1:400, Abcam). The secondary antibodies such as Alexa Fluor 488 goat anti-Rat 

(1:400; Invitrogen), Alexa Fluor 568 goat anti-Rabbit (1:400; Invitrogen), and 

Alexa Fluor 594 goat anti-Mouse (1:400; Invitrogen) were used and the slide 

glass was mounted with fluorescent mounting medium containing 4ʹ,6-

diamidino-2-phenylindole (Vectorshield, Vector, Burlingame, CA, USA). The 

stained sections were analyzed using confocal microscopy (LSM780; Zeiss, 

Gottingen, Germany) and the MetaMorph Imaging System (Molecular Device, 

Sunnyvale, CA, USA). 

9. Statistical analysis 

All data were expressed as means ± standard error of mean (SEM). The variables 

between groups were analyzed using one-way analysis of variance (ANOVA) 

followed by a post-hoc Bonferroni and/or LSD comparison using the SPSS 

statistics (IBM corporation, Armonk, NY, USA; version 23.0). A P-value < 0.05 
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was considered to be statistically significant.   
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III. RESULTS 

1. Behavioral tests 

To evaluate the behavioral functions and validate the motor defect before and 

after the progress of HD, rotarod and grip strength tests were performed 

according to the following schedules (Figure 2A). 

A. Rotarod test 

During the rotarod assessment, the AAV9-OCT4 group showed significant 

differences between both the PBS and the AAV9-Null control groups at both 

accelerating and constant speed. In post treatment week 9 of the accelerating 

speed test, the AAV9-OCT4 group showed significantly better performance 

compared to both the PBS and the AAV9-Null groups (n=5-7 per group, 𝑝=0.049 

and 0.020, respectively, Figure 5A). In post treatment week 6 of the constant 

speed, 16 RPM test, the AAV9-OCT4 group showed significantly better 

performance compared to both the PBS and the AAV9-Null groups (n=5-7 per 

group, 𝑝=0.005 and 0.048, respectively, Figure 5B). Moreover, in post treatment 

week 9—the terminal phase of the HD—the AAV9-OCT4 group showed greater 

improvement in terms of motor performance compared to both the PBS and the 

AAV9-Null (𝑝=0.038 and 0.024, respectively, Figure 5B).  
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Figure 5. Rotarod test (A) The result of the rotarod test at 4-40 RPM. In week 

13, the AAV9-OCT4 group showed statistical differences compared to the 

control groups. (B) The result of the rotarod test at 16 RPM. In both weeks 10 

and 13, the AAV9-OCT4 group showed statistical differences compare to the 

control groups. 

(n = 5-7 per group; *p < 0.05, **p < 0.01, one-way analysis of variance followed 

by a post-hoc LSD or Bonferroni comparison). In all panels, mean ± SEM. 

  

(A)

(B)
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B. Grip strength test 

During the grip strength test the AAV9-OCT4 group showed significantly higher 

grip force than both the PBS and the AAV9-Null control groups at both weeks 8 

and 12. During the week of treatment, the 3 groups did not show statically any 

differences between the groups. During post-treatment week 4, when the 

pathogenic symptoms began to be shown, the grip strength of the forelimbs was 

gradually decreased. Since post-treatment week 4, the AAV9-OCT4 group 

showed a significantly higher force compared to both the PBS and the AAV9-

Null groups (n=5-7 per group, 𝑝=0.003 and 0.008, respectively, Figure 6). 

Moreover, in post-treatment week 8, the AAV9-OCT4 group showed a 

significantly better performance compared to both the PBS and the AAV9-Null 

groups (n=5-7 per group, 𝑝=0.041 and 0.032, respectively, Figure 6). 
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Figure 6. Grip strength test The result of grip strength test on showed motor 

defects since week 8; the AAV9-OCT4 group showed statistical differences 

compared to the two control groups. 

(*p < 0.05, **p < 0.01, one-way analysis of variance followed by a post-hoc LSD 

or Bonferroni comparison). In all panels, mean ± SEM. 
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2. Quantitative real-time reverse transcription polymerase chain reaction 

with candidate genes selected by GeneMANIA 

For the schematic study, the GeneMANIA (http://www.genemania.org) 

prediction server: biological network integration for gene prioritization and 

predicting gene function was used to determine and predict the relationship and 

functions between genes that related to OCT4 (Figure 7). Since the report showed 

the relationship between OCT4 and both platelet- derived growth factor receptor 

alpha (PDGFRa), Wnt family member 3 (WNT3) and Achaete-scute homolog 1 

(ASCL1), quantification via qRT-PCR was performed on both the frontal cortex 

and the striatum. On the frontal cortex, expression of PDGFRa showed statistical 

differences between the AAV9-OCT4 and both the PBS and the AAV9-Null 

group (n=4-6 per group, 𝑝=0.005 and 0.004, respectively, Figure 8A), and 

expression of WNT3 showed statistical differences between the AAV9-OCT4 

and both the PBS and the AAV9-Null group (n=4-6 per group, 𝑝=0.005 and 0.004, 

respectively, Figure 8B); however, the RNA expression of ASCL1 did not show 

any differences between the groups (n=4-6 per group, Figure 8C). On the other 

hand, on the striatum, the expression of PDGFRa showed statistical differences 

between the AAV9-OCT4 and both the PBS and the AAV9-Null group (n=4-6 

per group, 𝑝=0.033 and 0.047, respectively, Figure 8D), and the expression of 

WNT3 showed statistical differences between the AAV9-OCT4 and both the 

PBS and the AAV9-Null group (n=4-6 per group, 𝑝=0.005 and 0.004, 

respectively, Figure 8E); however, the RNA expression of ASCL1 did show any 
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differences between the groups (n=4-6 per group, Figure 8F).  
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Figure 7. Gene MANIA report According to previous researches, some genes 

have been elucidated their relationships and functions. 
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Figure 8. Quantifications of oligodendrogenesis relative RNA expression in 

the frontal cortex and the striatum via qRT-PCR (A) Relative RNA 

expression of PDGFRa on the frontal cortex. (B) Relative RNA expression of 

WNT3 on the frontal cortex. (C) Relative RNA expression of ASCL1 on the 

frontal cortex. (D) Relative RNA expression of PDGFRa on striatum (E) Relative 

RNA expression of WNT3 on striatum. (F) Relative RNA expression of ASCL1 

on the striatum. 

(*p < 0.05, **p < 0.01, one-way analysis of variance followed by a post-hoc LSD 

or Bonferroni comparison). In all panels, mean ± SEM. 
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3. Immunohistochemistry 

Since the BrdU can track the newly proliferated cells via immunohistochemistry 

(IHC), the fate of neuronal cells was validated by the counting of Nestin or Tuj-

1 with BrdU. Also, newly proliferated cells which have the possibility of 

differentiated to oligodendrocyte were counted as NG2 or GFAP with BrdU 

double positive cells. In Figure 9A, Nestin+BrdU+ positive cells are significantly 

higher in the AAV9-OCT4 group than in the other two control groups in the 

subventricular zone (n=3-4 per group, 𝑝=0.006 and 0.006, respectively, Figure 

9A); representative images are shown in Figure 9C. In Figure 9B, Tuj-1+BrdU+ 

cells are not significantly higher in the AAV9-OCT4 group than in the other two 

control groups in the subventricular zone (n=3-4 per group, Figure 9B); 

representative images are shown in Figure 9D. In Figure 10A, NG2+BrdU+ cells 

are significantly higher in the AAV9-OCT4 group than in the other two control 

groups in the subventricular zone (n=3-4 per group, 𝑝=0.027 and 0.015, 

respectively, Figure 10A); representative images are shown in Figure 10C. In 

Figure 10B, GFAP+BrdU+ cells not significantly higher in the AAV9-OCT4 

group than in the other two control groups in the subventricular zone (n=3-4 per 

group, Figure 10B); representative images are shown in Figure 9D. 
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Figure 9. Nestin or Tuj-1 with BrdU double positive cells in the 

subventricular zone (A) Nestin+BrdU+ cells are counted and the compared 

between the three groups—PBS, AAV9-Null, and AAV9-OCT4. (B) Tuj-

1+BrdU+ cells are counted and compared between the three groups—PBS, 

AAV9-Null, and AAV9-OCT4. (C) The representative images of Nestin+BrdU+ 

cell in the PBS, AAV9-Null and the AAV9-OCT4 groups. (D) The representative 

images of Tuj-1+BrdU+ cell in the PBS, AAV9-Null and the AAV9-OCT4 

groups. 

(*p < 0.05, **p < 0.01, one-way analysis of variance followed by a post-hoc LSD 

or Bonferroni comparison). In all panels, mean ± SEM.  

  

(B)(A)

(C)

(D)

0

500

1000

1500

2000

2500

3000

3500

PBS AAV9-N ull AAV9-OCT4

Tu
j-

1+
B

rd
U

+/
 v

o
l. 

(m
m

3 )

0

1000

2000

3000

4000

5000

6000

PBS AAV9-N ull AAV9-OCT4

N
es

ti
n

+B
rd

U
+/

 v
o

l. 
(m

m
3 )

*

*



 32 

 

Figure 10. NG2 or GFAP with BrdU double positive cells in the 

subventricular zone (A) NG2+BrdU+ cells are counted and compared between 

the three groups—PBS, AAV9-Null, and AAV9-OCT4. (B) GFAP+BrdU+ cells 

are counted and compared between the three groups—PBS, AAV9-Null, and 

AAV9-OCT4. (C) The representative images of NG2+BrdU+ cells in the PBS, 

AAV9-Null and the AAV9-OCT4 groups. (D) The representative images of 

GFAP+ and/or BrdU+ cells in the PBS, AAV9-Null and the AAV9-OCT4 groups. 

(*p < 0.05, **p < 0.01, one-way analysis of variance followed by a post-hoc LSD 

or Bonferroni comparison). In all panels, mean ± SEM. 
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4. Quantitative real-time reverse transcription polymerase chain reaction of 

myelin regulatory factor genes 

Myelin regulatory factor (MYRF) was validated in both the frontal cortex and the 

striatum via qRT-PCR. The RNA level of MYRF expression in the frontal cortex 

showed significant differences in the AAV9-OCT4 compared to the control 

groups (*p=.012; 0.36, respectively, Figure 11C)  

5. Western blot analysis 

Myelin basic protein (MBP) was validated in the protein level to confirm 

dysmyelination in both the frontal cortex and the striatum via western blot. On 

Figure 12A showed the MBP (19 and 26 kilo Dalton) in the frontal cortex. The 

expression of MBP in the control groups—PBS and AAV9-Null—was 

significantly lower than in the AAV9-OCT4 group (*p=.012 and 0.36, 

respectively, Figure 12C). Representative IHC images on the frontal cortex were 

presented in Figure 11E. Furthermore, Figure 12B showed the protein bands in 

each group. In the striatum, control groups showed a decreasing tendency 

compared to the AAV9-OCT4 group (Figure 12D). Representative IHC images 

on the striatum were presented in Figure 12F. 
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Figure 11. Quantifications of myelin regulatory factor RNA expression in 

the frontal cortex and the striatum via qRT-PCR. (A) Relative RNA 

expression of MYRF on the frontal cortex. (B) Relative RNA expression of 

GDNF on the striatum. 

(*p < 0.05, **p < 0.01, one-way analysis of variance followed by a post-hoc LSD 

or Bonferroni comparison). In all panels, mean ± SEM.  
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Figure 12. Western blot and immunohistochemistry result of MBP in the 

frontal cortex and the striatum (A) Western blot bands for each group in the 

frontal cortex. (B) Western blot bands for each group in the striatum. (C) Graph 

of western blot analysis for MBP in the frontal cortex. (D) Graph of western blot 

analysis for MBP in the striatum. (E) Images of IHC for MBP in the frontal cortex 

(F) Images of IHC for MBP in the striatum  
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Figure 13. Figure 13. Quantifications of expression of oligodendrocyte 

secreted RNA in the frontal cortex and the striatum via qRT-PCR (A) 

Relative RNA expression of GDNF in the frontal cortex. (B) Relative RNA 

expression of GDNF in the striatum. 

(*p < 0.05, **p < 0.01, one-way analysis of variance followed by a post-hoc LSD 

or Bonferroni comparison). In all panels, mean ± SEM 
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IV. DISCUSSION 

This study treated R6/2 mice with OCT4, and the result was that the treatment 

group was improved in terms of their behavioral functions. White matter 

abnormalities have been reported in premanifest Huntington’s disease (HD) 

subjects before the significant striatal neuronal loss; however, the pathological 

study and understanding of mechanism of these abnormalities are not clearly 

elucidated.6 Furthermore, recent studies have been reported that white matter is 

associated with motor and cognitive functions, so white matter atrophy in HD 

causes motor and emotional defects.35,36 Current data demonstrating white matter 

abnormalities in PGC1 knock-out (KO) mice provoked us to examine the role of 

PGC1 in CNS myelination and its relevance to HD pathogenesis.37 Decreased 

expression of MBP and deficient myelination were found postnatally and in the 

adult R6/2 mouse model of HD.37 

Since the behavioral data of this study in rotarod and grip strength showed the 

differences between the control groups and the OCT4 overexpression group, 

OCT4 may be the main factor for these differences. Since it is possible for AAV9 

to pass through blood brain barrier38,39, AAV9 based vectors injected in the lateral 

ventricle were able to influence in the subventricular zone. While OCT4 

overexpressed in the subventricular zone and oligodendrocyte progenitor cells 

increased, PDGFRa secreted by oligodendrocyte progenitor cells would be 

increased.32 Also, WNT3 was co-expressed with OCT4.40,41 The result of the 

validation of qRT-PCR showed that PDGFRa and WNT3, which have very 
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important roles to play in maturation and proliferation in oligodendrocyte42,43, 

were increased in the AAV9-OCT4 group. Since the WNT3 was upregulated, 

WNT3 plays a crucial role in promoting oligodendrocyte specification in the 

adult subventricular zone.44 Both these genes help stem cells in the subventricular 

zone to turn into oligodendrocyte progenitor cells. Through 

immunohistochemistry, this study found that Nestin and BrdU double positive 

cells increased, and at the same time, NG2 and BrdU double positive cells 

increased in the treatment group. These results show that the OCT4 induced 

proliferation in the subventricular zone. 

While oligodendrocyte progenitor cells were induced, those cells upregulated 

MYRF, so oligodendrocyte progenitor cells were induced and became fully 

differentiated oligodendrocyte with myelin.45 Since mutant huntingtin is directly 

involved in downregulation of MYRF and occurred demylination45, the result of 

upregulated MYRF by OCT4 showed the possibility of remyelination in the brain. 

The protein level of MBP was validated via western blotting, and the result 

showed the remyelination in the treatment group compared to the control groups. 

Production of myelin proteins in mature oligodendrocytes is important for the 

preservation of myelin in adult brains.45 Mutant huntingtin did not reduce the 

Olig2 but only affected in the MYRF that is expressed only in post mitotic 

oligodendrocyte.45 Therefore, improving the function of mature oligodendrocyte 

will alleviate the symptoms of HD. Moreover, when the mature oligodendrocyte 

increased, a neuroprotective effect factor such as GDNF secreted from 
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oligodendrocyte46-49 could be increased at the same time. 

As a consequence of the injection of OCT4 in vivo, PDGFRa and WNT3 were 

stimulated and upregulated. These two upregulated genes induce differentiation 

of precursor cells to oligodendrocyte. The increase of postmitotic 

oligodendrocytes increased MYRF, so remyelination was induced. Additionally, 

the neuroprotective functions of GDNF which secreted from oligodendrocyte 

could be a benefit of the neuroprotective effects on GABAergic neurons in the 

striatum and alleviate the disease all of which have been reported to recover of 

behavioral functions. 
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Figure 14. Diagram for conclusion (A) A picture of the subventricular zone 

and the location of OPC, neuroblast, oligodendrocyte cells in the brain. (B) 

OCT4 and PDGFRa and WNT3 were closely related and interactive their 

regulation. As a result of upregulation of WNT3 and PDGFRa, defected MYRF 

by mHtt might recover the transcription and upregulated, recovered MYRF 

might induce oligodendrocyte with myelin. 

(oligodendrocyte progenitor cell, OPC; Platelet derived growth factor receptor, 

alpha polypeptide, PDGFRa; Wingless-type MMTV integration site family, 

member 3, WNT3; myelin regulatory factor, MYRF)  
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V. CONCLUSION 

The findings of this study suggest that improving the function of mature 

oligodendrocytes by OCT4 should at least be beneficial in HD and perhaps other 

age-related neurodegenerative diseases that involve the dysfunction of mature 

oligodendrocytes and associated axonal dysfunction as well. Thus, OCT4 could 

be the important therapeutic factor for HD.  
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ABSTRACT (IN KOREAN) 

 

헌팅턴 병의 유전자 변형 마우스 모델에서 

수초 감소를 완화하기 위해 

OCT4로 희소 돌기 아교 세포의 수초 재생 유도 

 

 

지도교수  조성래 

 

 

연세대학교 대학원 의과학과 

 

 

김 민 지 

 

 

헌팅턴 병 (HD)은 유전자 돌연변이에 의해 발생하는 질병으로 

오늘날에도 치료 방법이 없는 난치병으로 알려진 신경 퇴행성 

질환이다. 최근 연구에서는 뇌백질 위축이 HD에서 초기 

증상으로 밝혀지고 있다. 따라서 이 연구에서는 HD의 

치료제로써 OCT4의 생체 내 과발현을 이용하여 헌팅턴에서의 

수초 수축 치료에 이용하였다. 아데노 수반 바이러스 혈청 형 9 

(AAV9)을 OCT4의 과잉 발현을 위한 벡터로 사용했다. R6/2 

마우스의 양쪽 측면 뇌실에 PBS, AAV9-Null 또는 AAV9-

OCT4를 주사했다. 그 결과, 대조군—PBS 및 AAV9-Null—및 
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AAV9-OCT4 군 사이에서 로터로드 및 악력 시험 등의 행동 

시험에서 유의 한 개선을 보였다. RNA 발현 수준은 PDGFRα, 

WNT3, MYFR 및 GDNF에서 유의하게 증가하였다. 또한 

Nestin+BrdU+와 NG2+BrdU+ 세포는 뇌실 하 영역의 대조군과 

비교하여 AAV9-OCT4 군에서 증가하였다. 또한 MBP 단백질의 

수준은 전두엽 피질에서 AAV9-OCT4에서 유의하게 증가하였다. 

이러한 결과들을 종합해보면 뇌실 하부 영역에서의 재 

프로그램 화 인자인 OCT4의 생체 내 과발현에 의해 

희돌기교세포 전구체가 희돌기교세포로 형성이 유발된 것을 

시사하고 있으며, 따라서 수초형성부진이 완화되었다. 또한 

희돌기 신경 교세포에서 GDNF 분비와 같은 성장 인자는 HD의 

뇌의 환경을 개선여, R6/2 마우스에서 행동 개선이 일어났다. 

따라서 이 연구는 OCT4을 HD를 포함한 신경 퇴행성 질환의 

치료 인자의 후보로 시사하는 바이다. 

 

 

---------------------------------------------------------------------------------------- 

핵심되는 말 : 헌팅턴 병, 신경 퇴행성 질환, 재 프로그램 인자, 

OCT4, 뇌실하대, 희돌기교세포재생, 희돌기교세포, 연조직 형성 

결핍  
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